Garlic (Allium sativum L.) is one of the most important crops in Egypt due to its high medical and nutritive values which were affected negatively by the excessive use in mineral nitrogen fertilizers and irrigation too. For this purpose, two field experiments were carried out during the successive winter seasons of 2015/2016 and 2016/2017 at a private farm in Besendela Village, Belqas District, Dakahlia Governorate, Egypt (31° 20 ' 326.7" N and 31° 45' 286.0" E) to assess the effect of mineral N fertilization (at three rates 72, 96, 120 kg N fed -1 ) and some organic materials (control, 10 m 3 compost and 4 kg potassium-humate "KH" fed -1
INTRODUCTION
Garlic is one of the most important vegetable crops in Egypt and worldwide. Furthermore, Egypt ranks the fourth leading country in the world after China, India and South Korea for garlic production, (FAO, 2012) . It is cultivated for both local consumption and export, and it used in the pharmaceutical industry. Garlic had many medical values; such as anti-bacterial, antifungal, anticancer, lowering of blood sugar, blood lipids and blood platelet aggregation as well as power supplies; also, it is used as an insecticidal (Alam et al., 2016) . So, increasing the productivity of garlic and its quality are of the importance goals which usually depend on many factors including nitrogen fertilization, organic fertilizers and irrigation.
Nitrogen fertilization is considered the most important limiting factor for garlic plant growth, yield and its quality. El-Zohiri and Abdou (2009) stated that increasing the nitrogen fertilizer level from 60 up to 120 kg N fed -1 significantly increased plant growth parameters of garlic i.e. plant height, number of leaves, fresh and dry matter of leaves. However, Ahmed et al., (2012) showed that the vegetative growth of garlic plants and its yield were enhanced with increasing the level of nitrogen fertilization up to 200 kg N fed -1 on clay loam soil, but the weight loss % of storage yield was increased. Also, Ewais et al., (2016) found that the maximum values of plant growth and garlic bulbs yield (8.980 t. fed -1 ) were observed with the addition of nitrogen fertilizer at a rate of 150 kg N fed -1 with sulfur at the rate of 150 kg S fed -1 in sandy soil. In China, By Li Lujiu et al., (2004) and Luji Bo et al., (2016) reported that a high garlic yield (arrange from 7.75 to 15.8 t ha ). In India, Farooqui et al., (2009) and Hore et al., (2014) found that the highest yield of garlic, bulb diameter and number of cloves per bulb were obtained with the nitrogen fertilization at the rates from 200 to 250 kg N ha -1 (80-100 kg N fed ). In Ethiopia, Shiferaw et al., (2014) and Shiferaw (2016) stated that combined applications of 138 kg N+ 40 kg P+ 60 kg S ha -1 attained the optimum bulb quality (dry matter, protein, pungency and S content) and the highest garlic contents of N, P, K and S.
However, some previous studies showed that the rapid increase in mineral nitrogen fertilizer use had a negative effect on the quality of garlic yield. El-Gazar et al., (2010) and Ahmed et al., (2012) reported that mineral nitrogen fertilization significantly increased the weight loss % of storage garlic yield. Also, Nori et al., (2012) found that increasing the application level of mineral N fertilizer up to 300 kg N ha -1 (120 kg N fed -1
) increased nitrate accumulation in garlic plants, and this was significant higher with the fed by urea (640 mg NO3 -kg -1 dry weight) than ammonium sulfate. Zaki et al., (2014) stated that high accumulation of nitrate and nitrite in both garlic cultivars; Balady and Sids-40 was observed at the plants treated with 120 kg N fed -1 as mineral nitrogen fertilizer, while treated plants with 15 ton compost+ 60 kg N fed -1 decreased these accumulations.
Furthermore, previous studies demonstrated that application of organic fertilizers with inorganic ones became necessary for saving chemical fertilizers and reducing environmental pollution. In this respect, Hassan et al., (2014) found that application of nitrogen at 120 kg N fed -1 in the both forms; inorganic and organic fertilizers recorded the highest values of plant growth and yield traits with good quality of garlic. Also, studies demonstrated that application of organic fertilizers decrease the accumulation of nitrate and nitrite in garlic (El-Gazar et al., 2010; ElHifny 2010; Lima and Vianello, 2011; Ahmed et al., 2012; Nori et al., 2012; and Raslan et al., 2015) .
Nowadays, a lot of awareness has been offered in order to reduce mineral nitrogen fertilization and increase the quality of yield through the use of potassium-humate (KH) or humic acids (HA). KH is the salt of humic acid that resulting of organic matter decomposition. Some previous studies reported that the application of KH enhanced plant growth and the yield; Ahmed et al., (2010) in clay soil demonstrated that soil application of KH at the rate of 5 kg fed -1 with 48 kg K 2 O fed -1 increased the vegetative growth of garlic plant, yield, quality, storability and the bulbs and leaves contents of NPK. Abdel-Razzak and El-Sharkawy (2013) found that twice foliar spray of HA enhanced garlic bulb yield; bulb and clove diameter and bulb dry weight. Also, Zaki et al., (2014) , adding with irrigation water in clay loam soil. Furthermore, Denre, et al., (2014) observed that accumulation of mineral nutrition (Ca, Fe, S, Mg, P, Zn, K, Cu and Mn) and pungency in garlic were increased at the plants foliar sprayed with 300 ppm of KH three times. Also, Shafeek et al., (2015) showed that soil addition of KH at a rate of 4 L fed -1 with 120 kg N fed
recorded the highest values of plant growth characters; total bulb yield and increased the percent of protein, N, P and K in garlic bulb. Irrigation is one of the most important factors affected on growth, yield and quality of garlic. Determination of the suitable time of irrigation plays an important role in garlic yield and its quality. Many studies reported a direct relationship between the yield and its components of bulb crops and available moisture at the time of irrigation (Abo Sedera and Badr 1998; Hanson et al., 2003 and Ortega et al., 2004) . In this respect and under field study in clay loam soil, Ahmed, et al., (2009) demonstrate that irrigation of garlic plants once every 15 days followed by irrigation every 20 days were superior than other irrigation intervals (10 and 25 days) to exhibited the highest values of all vegetative growth characters, total garlic bulbs yield (8.743 ton fed -1 ) and its components including volatile oil and garlic storability.
Therefore, this study aims to evaluate the effect of mineral N fertilization and some organic materials under different irrigation intervals on soil fertility, garlic yield and its quality and nutrients uptake for achieving the suitable treatments which attained the optimum yield with the highest quality under the ecological conditions of Dakahlia Governorate, Egypt.
MATERIALS AND METHODS
Two field experiments were carried out during the successive winter growing seasons of 2015/2016 and 2016/2017 at a private farm in Besendela Village Belqas District, Dakahlia Governorate, Egypt (that located between Latitude 31° 20 ' 326.7" N and Longitude 31° 45' 286.0" E). The current study aims to assess the impacts of mineral nitrogen fertilization, some organic materials (compost and KH) under different irrigation intervals on soil fertility (available N, P, K, Fe, Mn and Zn, and soil content of organic matter %), plant growth and its uptake of NPK, yield, quality parameters (dry matter, nitrate, pungency and sulfur) and yield contents of N, P, K, S, Ca, Fe, Mn and Zn of garlic grown under previous conditions.
Treatments were arranged in a Strip-Split Plot Design with three replicates; the strip plots were assigned for three intervals of irrigation: 15 (I 1 ), 20 (I 2 ) and 25 days (I 3 ). The main plots were allocated for three treatments of organic materials: control (without addition), compost (10 m 3 fed -1
), KH (4 kg potassium humate fed -1 ). The spilt plots were divided for three rates of mineral nitrogen fertilization: 72 (N 1 ), 96 (N 2 ) and 120 kg N fed -1 (N 3 ). The spilt plot area was 9 m 2 (3 lines each one, 0.60 m width x 5 m length). Samples of soil were taken from surface layer (0-30 cm) of the experiment fields before planting for physical and chemical analysis according to Page, (1982) . pH was measured in 1:2.5 soil: water suspension, whereas EC, cations and anions concentrations were determined in soil paste extract (as shown in Table 1 ). 
Application of fertilizers and treatments:
Compost manure (animals waste) was applied at the rate of 10 m 3 fed -1 with soil preparation before last tillage. Some chemical analyses of compost were carried out according to Page, (1982) as shown in Table 2 . pH was measured in 1:10 compost: water suspension, and EC was determined in the extraction. ; it was dissolved in water then applied with irrigation water at 1 st irrigation. Some chemical analyses of the applied KH were carried out at the dissolving in water (as shown in Table 3 ), whereas pH and EC were measured in 1:10 KH: water suspension (Page 1982) . Total nitrogen % was determined in the acidic digested (sulphuric and perchloric acids), and total carbon % was determined using the method of Walkly -Black (Page 1982) . 
Irrigation:
Surface irrigation system in furrows (5 m length) was followed. The treatments of irrigation began after the first irrigation (after 25 days from planting) for all strips which received equal amounts of water. Garlic plants under the 1 st irrigation interval (every 15 days) received 10 irrigations, and under 2 nd interval irrigation (every 20 days) received 8 irrigations, and then under 3 rd interval irrigation (every 25 days) received 6 irrigations. The quantity of water applied for each strip was measured using a water meter attached to the irrigation pump (VITARA; Model: WP30CX; Quantity: 1SET) with time. Water productivity (WP) was calculated as total garlic yield/total water applied (kg m -3 ) as an indicator for field water use efficiency.
Soil and plant analysis after 110 days from planting:
Soil and plant Samples from each plot were taken randomly after 110 days from planting; vegetative growth parameters (plant height, leaves number plant -1 , leaf area, fresh and dry plant weights) were recorded then samples were dried at 70 C° and percentages of N, P and K were determined in the acidic digestion of dry samples according to Chapman and Pratt (1982) . Soil samples were air dried and prepared for analysis; total carbon % and the available of N, P, K, Fe, Mn and Zn in soil were determined according to Page (1982) .
Plant analysis at harvest:
At harvest stage (after 180 days from planting), plants of each plot area were collected and then left for 15 days in the field to be cured. Garlic yield parameters were recorded after curing (total yield, bulb diameter, average bulb weight, number of cloves bulb -1 and average clove weight). Samples of bulbs (ten bulbs) were taken randomly from each plot after curing for garlic quality parameters including dry matter %, nitrate (Singh, 1988) and pungency (determined as a pyruvic acid, Randle and Bussard, 1993) and elemental analysis for N, P, K, S, Ca, Fe, Mn and Zn content Chapman and Pratt (1982) . The cloves were cut and oven dried at 70°C then ground. Sub samples (0.5 g) were wet acid digested by sulphuric and perchloric acids as described by Chapman and Pratt (1982) for determination of nitrogen, phosphorus, potassium, calcium, iron, manganese and zinc concentrations and calculation of their uptakes. Sulfur was determined by turbidmetrically method using a spectrophotometer at wave length 420 nm as concentration and uptake (Singh et al., 1999) in the acidic digested samples (1 g of the finely ground dried tissues was wet digested by nitric and perchloric acids) Chapman and Pratt (1982) .
Statistical analysis:
The statistical analysis was done according to the method of Gomez and Gomez (1984) and means of treatments were compared against least significant differences test (L.S.D.) at confidence level of 5% and Duncan's multiple comparisons Test for single effects of treatments.
RESULTS AND DISCUSSION

1-Soil fertility indices: -1-1-Before planting:
Data in Table 1 illustrate the initial status of soil fertility before applying the experimental treatments. It is clear from the results that soil texture was clay; pH was slightly alkaline (8.09) and according to EC value (3.40 dSm -1 ), soil is considered slightly saline. For soil fertility, it was moderately fertile of available N, P, K and Mg, very high in available Ca, Fe and Mn and low in available Zn and B (Hamissa et al., 1993) . Also, soil content of O.M was 2.08 %, and this may be attributed to the residuals of previous crop (rice) before garlic cultivation. For C/N ratio, it seems from its value that it was suitable for N mineralization process, since it was less than 20/1 (Mengel and Kirkby, 2001 ).
1-2-After 110 days from planting:
Data in Table 4 show the effect of studied treatments and their interactions on soil contents of O.M % and available N, P, K, Fe, Mn and Zn as mg kg -1 soil. In general soil fertility showed an increase following the application of experimental treatments as compared with soil status before planting (Table 1) . Application of mineral nitrogen fertilizer rates up to N 3 significantly affected the available soil contents of N, P, Mn and Zn, but they had insignificant effects on O.M % and the available K and Fe.
Application of organic materials compost or KH significantly improved soil fertility given increment of O.M and the available N, P, K, Fe, Mn and Zn. Furthermore, compost was more effective on maximizing O.M and available N than KH (Table 4) . This is mainly attributed to the highest O.M and nutrients content in compost as comparing with KH, whereas the benefit effects of KH in soil occur through several mechanisms; it contains many elements which enhance the soil fertility, increasing the availability of nutrients by holding them on specific surfaces, and improving soil physical, chemical and biological properties and complex metal ions (Serenella et al., 2002; Abd El-Aal et al., 2005 and AbdelRazzak and El-Sharkawy 2013). Table 4 demonstrate that soil content of O.M and the available contents of N, P, K, Fe and Mn significantly affected by irrigation at different intervals. Soil contents of available N, P, K, Mn and Zn increased with increasing the period between irrigations up to 20 days (I 2 ) then decreased under irrigation every 25 days (I 3 ). However, soil content of available Fe was the highest under irrigation every 15 days (I 1 ), and this may be attributed to when soil are waterlogged a reduction of Fe 3+ to Fe 2+ takes place accompanied by an increased in Fe solubility (Mengel and Kirkby, 2001) which happened under irrigation interval I 1 . It is obvious from previous results that irrigating plants every 20 days (I 2 ) was more favorable for soil fertility.
The interactions of N*O*I significantly affected soil content of O.M and the available of K, Fe and Mn, but had insignificant effect on the available N, P and Zn (Table 4 and Figs. 1, 2 and 3 ). Yet, the interaction of O*I had significant effect on soil content of O.M % and the available of N, K, Fe and Mn. The interaction of N*I had significant effect on O.M % and the available of K, Fe and Mn. The interaction of N 1 *Compost*I 2 had the highest effect on O.M (2.54%) and available K, Mn and Zn (359, 6.6 and 1.13 mg kg -1 , respectively), whereas the interaction of N 3 *KH*I 2 had the highest effect on available N and P (175 and 24.5 mg kg -1 , respectively). So, these pervious mentioned results illustrated the important of compost or KH application for improving soil fertility. ).
2-Plant growth: -
Increasing the application rate of mineral N fertilizer up to 120 kg N fed -1 (N 3 ) significantly increased plant growth i.e. plant height and fresh weight plant -1 , but had insignificant effect on dry weight plant -1 (Table 5 ). The differences between N 2 and N 3 were insignificant for plant fresh and dry weights. The response of plant to the application rate of mineral N fertilizer may be attributed to initial soil content of available before planting which was moderately (Table 1) . These results are in accordance with those obtained by El-Zohiri and Abdo (2009) and Ahmed et al., (2010) .
Growth of plant (plant height, fresh and dry weights of plant) significantly enhanced with application of organic materials; compost and KH as compared with control, whereas the differences between them were insignificant for plant fresh weight. KH was more effective than compost on maximizing plant height however; compost application was the superior on plant dry weight. This result may be attributed to compost and KH contents of nutrients (Tables 2 and 3) , as well as it correlated positively with their impacts on soil fertility (Table 4) . KH had content of potassium and growth regulators too; which is the most abundant cation in plants that associated or involved with many physiological processes supporting plant growth and development (Nardi et al., 2002; ElZohiri and Abdo 2009 and Ahmed et al., 2009) . In this respect, Zaki et al., (2014) reported that application of organic treatments (60 kg N+ compost or 120 kg N+ compost) recorded the highest values of plant vegetative parameters compared with control (120 kg N as inorganic fertilizer).
Concerning the effect of irrigation treatments (15, 20 or 25 days intervals), results in Table 5 showed that plant height and plant fresh weight significantly affected with irrigation intervals, but the effect on plant dry weight was insignificant. Generally, the highest values of plant growth parameters were recorded with irrigation of plants every 20 days. These results are in agreement with Ahmed et al., (2009) The interaction between mineral N fertilization and organic materials (N*O) significantly affected plant fresh and dry weights as well as plant height, with superior the interactions of N 3 *KH and N 2 *KH for plant height and plant fresh weight, respectively (Table 5 and Fig. 4) . The interaction of organic with irrigation intervals (O*I) had significant impacts on plant height, fresh and dry weights of plant with superior the interaction of KH*I 2 . The interactions of N*I and N*O*I had significant impacts on plant dry weight only, with superior the interaction of N 2 *Compost*I 2 . These results are in accordance with that obtained by Ahmed et al., (2010) , Nori et al., (2012) and Zaki et al., (2014) .
Fig. 4. Effect of interactions on plant height, fresh and
dry weight of plant. Table 6 showed that the uptake of NPK per plant (g plant -1
3-NPK-uptake Plant -1 after 110 days: -Results in
) significantly increased with increasing the rate of mineral N fertilization up to 120 kg N fed -1 , but without significant differences with the uptake at N-rate 96 kg N fed -1 . Application of organic materials; compost and KH improved the plant uptake of NPK in favor of compost.
Also, the plant uptake of NPK significantly affected with irrigation of plants at different intervals. The highest plant uptake of N (0.351 g plant -1 ) was recorded at the irrigation every 25 days (I 3 ), whereas the highest plant uptake of P and K (0.025 and 0.215 g plant -1
, respectively) were recorded at the irrigation every 20 days (I 2 ). These results illustrate that increasing the period between irrigations (20 and 25 days) maximized the utilization of N fertilizer applied and decreased the losses of N in leaching, and improved soil fertility that was higher under these irrigation intervals (I 2 and I 3 ) than I 1 (as shown in Table 4 ). In this respect, Abo-Sedera and Badr (1998), Hanson et al., (2003) and Ahmed et al., (2009) found similar observations.
All interactions of N*O, N*I, O*I and N*O*I had significant effect on the plant uptake of NPK, except the interaction of N*I had insignificant effect on the N uptake plant -1 (Table 6 ). The highest plant uptake of NPK (0.419, 0.032 and 0.259 g plant -1
, respectively) were recorded with the interaction of N 2 *Compost*I 2 . Table 7 showed that total bulbs yield, bulb diameter and average clove weight significantly increased with increasing N fertilizer rates up to 120 kg N fed -1 (N 3 ). These results are in accordance with that obtained by Ahmed et al., (2012) who found that garlic yield enhanced with increasing the level of nitrogen fertilization up to 200 kg N fed -1 in clay loam soil, and this means that garlic yield correlated positively with N fertilization. Also, results in Table 7 showed that application of organic materials (compost or KH) significantly enhanced total yield, bulb diameter and clove weight as compared with control (without addition). Total yield increased by 8.5% and 7.6% with the addition of compost and KH, respectively. Concerning bulb diameter and average clove weight, the differences among the impacts of compost and KH were insignificant. Furthermore, KH had the highest value of bulb diameter (3.99 cm). These results showed the benefit effects of application KH, which are accordance with the studies that had been reported on the ability of humic substances to stimulate plant growth and yield by increasing soil fertility and enhanced nutrient and water uptake (Chen et al., 2004; Osvalde et al., 2012 and Mohsen et al., 2017) . In this admiration, Zaki et al., (2014) stated that treating of garlic plants with compost or foliar humic increased total yield as compared with inorganic nitrogen fertilizers at 120 kg N fed -1 . ) and bulb diameter (4.10 cm) was gained at irrigation every 20 days (I 2 ) as compared with other irrigation intervals. The rank of irrigation intervals for their effect on total bulbs yield, bulb diameter and average clove weight was as follows: I 2 >I 3 >I 1 . So, it could be concluded that garlic yield and its components increased with increasing the period between irrigation which may be attributed to enhancing the rate diffusion of roots, plant growth, nutrients uptake and then yield (tables 5 and 6). In this respect, Ahmed et al., (2009) found that irrigation every 15 days intervals had the highest values of total yield followed by irrigation every 20 days under the environmental conditions of Middle Delta-Egypt whereas, the location of this experiment was in North Delta-Egypt (the rate of annual precipitation is higher than in Middle Delta-Egypt).
4-Garlic yield: -Data in
Also, calculated results showed that the total quantity of irrigation water which applied was 3205, 2532 and 2410 m 3 fed -1 for the irrigation intervals I 1 , I 2 and I 3 , respectively (the means of two seasons). For water productivity (WP), the highest value was recorded at I 3 (3.14 kg m -3 ) followed by I 2 (3.05) then I 1 (2.23). This result revealed that WP increased with increasing irrigation interval with a slight difference between I 2 and I 3 . For interaction effect, the highest WP (3.27 kg m -3
) was attained at the interaction of 120 N*Compost*I 3 (Fig. 5) .
Fig. 5. Effect of interactions among treatments on total yield and water productivity (WP).
Concerning the effect of interactions, all interactions (N*O, N*I, O*I and N*O*I) had significant effect on total yield (Table 7 and Figs 5 and 6). The highest total yield (8.247 ton fed ). Also, the interaction of O*I had significant effect on bulb diameter and average clove weight (Fig 6) . The highest value of bulb diameter (4.40 cm) was recorded at the interaction effect of N 3 *KH*I 2 whereas, the highest average of clove weight (1.90 g) was attained at the interaction of N 3 *compost*I 2 . Fig. 6 .Effect of interactions on total yield, bulb diameter and average clove weight. 5-Quality of garlic yield: -Data in Table 8 illustrated the effect of treatments under study on some quality indices of garlic yield. It is obvious from results that increasing the application rate of mineral N fertilizer had significant effects on quality of garlic as its content of dry matter % (D.M), nitrate and sulfur, as well as the pungency content as a pyruvic acid (allicin). Bulbs content of D.M enhanced with increasing the application rate of N mineral fertilizer up to 96 kg N fed -1 (N 2, ) whereas, the accumulation of nitrate in bulbs increased with increasing the application rate of mineral N fertilizer up to 120 kg N fed -1 (N 3 ). However, pungency was declined with increasing the application rates of N mineral fertilization up to N 3 as compared with N 1 (72 kg N fed -1 ). These results are agreeable with those obtained by Jones et al., (2004) and Nori et al., (2012) who found that accumulation of nitrate in garlic increased with increasing nitrogen fertilizer. Moreover, Bloem et al., (2011) reported that application of high rates of sulfur in combination with low level of N fertilization significantly increased the allicin concentration in garlic, but high N levels had an adverse effect.
Application of organic materials; compost and KH had a positive effect on the quality of garlic (Table 8) . Garlic content of D.M, sulfur and pungency significantly enhanced with the application of compost or KH as compare with control. Moreover, cloves content of nitrate significantly decreased with the addition of organic materials as compared with control. The lowest accumulation of nitrate in garlic was recorded with application of KH. For pungency, the differences between the effect of compost and KH were insignificant, but compost attained the superior impact on garlic content of D.M %. These results are in accordance with Lima and Vianello (2011) and Raslan et al., (2015) who stated that allicin content (as pungency) was higher in organically garlic grown than conventionally grown and had a lower content of nitrate. Furthermore, Abd El-Aal et al., (2005) found that application of KH at a rate of 6 L fed -1 with irrigation water significantly increased onion bulb dry weight. Abdel-Razzak and El-Sharkawy (2013) and Denre et al., (2014) also found that pungency concentration of garlic enhanced with the application of humic acid.
Irrigation treatments had significant effect on quality indices of garlic yield, since cloves content of D.M, sulfur and pungency increased with increasing the period between irrigations (as shown in Table 8 ). Irrigation every 20 days (I 2 ) attained the superior impacts for bulbs content of D.M, sulfur and pungency. Additionally, the yield content of NO 3 -significantly decreased with increasing the period between irrigations up to I 3 (every 25 days). This result may be attributed to that reducing the period between irrigations (every 15 days) promote the content of moisture in plant that correlated negatively with estimation of D.M, sulfur and pungency too, whereas with increasing the period between irrigation the opposite occurred and quality indices of garlic enhanced. These results are in accordance with that obtained by Hanson et al., (2003) and Ahmed et al., (2009) . Also, results in Table 8 reveled that interaction of N*O had significant effect on the content of D.M and nitrate in garlic, but it had insignificant effect on bulbs yield content of sulfur and pungency. Moreover, the interaction of N*I had significant effect pungency only. The interaction of O*I had significant effects on the content of D.M, nitrate and sulfur. The interaction of N*O*I had significant impacts on the garlic content of nitrate, but it had insignificant effect on its content of D.M, sulfur and pungency. The lowest bulb content of nitrate (266 mg kg -1 ) was recorded at the interaction of N 1 *KH*I 2 , while the highest content (1084 mg kg -1 ) was recorded at the interaction of N 3 *control*I 1 . Furthermore, the highest D.M % (41.36) was recorded at the interaction of N 2 *Compost*I 2 (Fig. 7) . ) was obtained at the interaction of N 1 *compost*I 3 . It is clear from the above mentioned results that interaction of mineral N fertilization at 72 or 96 kg N fed -1 (N 1 or N 2 ) with application of compost or KH and irrigation every 20 days (I 2 ) had the favorable effect on quality indices of garlic. This may be attributed to increasing the bulbs contents of dry matter and nutritive values especially sulfur that related positively with pungency. Pungency level in garlic is correlating with synthesis and the content of S, containing amino acids that are precursors of flavor compounds and pyruvate (Randle and Bussard, 1993; Jones et al., 2004; Denre et al., 2014; Shiferaw et al., 2014 and Mohsen et al., 2017) . 6-Bulbs yield uptake of nutrients (kg fed -1 ): -Data in Table 9 show that the net yield uptake of N, P, K, S, Ca, Fe, Mn and Zn significantly increased with increasing mineral N fertilization rate up to 120 kg N fed -1 (N 3 ). However, the uptake of P, K, S, Ca and Mn uptakes at N 2 (96 kg N fed -1 ) were insignificant with those recorded at N 3 . These results are in accordance with Ahmed et al., (2012) and Ewais et al., (2016) , respectively with increasing the application level of N up to 150 kg fed -1 . Application of compost or KH significantly increased the garlic yield uptake of the above mentioned nutrients. For the yield uptake of N, K, S and Mn, the differences between the effect of compost and KH were insignificant. The highest yield uptake of K, S, Fe, Mn and Zn were obtained at the application of KH, while the highest yield uptake of N, P and Ca were attained at the application of compost. These results are in agreement with Abdel-Razzak and El-Sharkawy (2013) who stated that foliar spraying of humic acids (HA) enhanced P and K concentrations of garlic bulb tissues. Denre et al., (2014) also reported that K, S, Ca, Zn and Mn contents in garlic were significantly increased with increase the concentration of HA applications. Yet KH improved the soil fertility through providing nutrients that consequently affected positively on the plant nutrient uptake, growth and yield. KH also serve as growth regulators to control hormone levels that enhance plant growth and increase stress tolerance (Nardi et al., 2002; Serenella et al., 2002; Abd El-Aal et al., 2005 and Abdel-Razzak and ElSharkawy 2013) .
Irrigation plants at different intervals had significant effects on the bulbs yield content of N, P, K, S, Ca, Fe, Mn and Zn (Table 9 ). The highest values of the yield content of N, P, K, S, Ca, Fe, Mn and Zn were obtained at irrigation plants every 20 days. The rank of irrigation intervals for its impacts on the yield content of nutrients was as follows: I 2 >I 3 >I 1 . However, for garlic yield uptake of P, K and S the differences between their values that recoded at the irrigation intervals I 2 and I 3 were insignificant. These results may be attributed to increasing the period between irrigations gave the chance for plants to have the biggest rate of root diffusion which positively correlated with nutrients uptake. Also, these results are positively correlated with the effect of irrigation intervals on soil fertility (Table 4) and plant growth and nutrients uptake after 110 days (Tables 5 and 6 ). In the same trend, Ahmed et al., (2009) found that the highest bulbs content of NPK were recorded with irrigation every 15 days followed by irrigation every 20 days without significant differences between them. Interaction of N*O had significant effect on the bulbs yield content of N, P and Fe, but had insignificant effect on the yield contents of K, S, Ca, Mn and Zn (Table 9 and Fig.  8 ). The interaction of O*I had significant effect on the yield content of N, P, K, S, Ca and Zn (Fig. 9) . For the interaction of N*O*I, it had significant effect on the yield content of P, Fe and Zn. The highest yield content of N (92.78 kg fed -1 ) was obtained at the interaction of N 3 *KH*I 2 , and of P (12.88 kg fed -1 ) was recorded at the interaction of N 2 *KH*I 2 . However, the highest yield content of K, S and Ca (24.70, , respectively) was attained at the interaction of N 2 *Compost*I 2 (Figs. 10, 11 and 12) . 
CONCLUSION
From the previous results, it can be concluded that mineral nitrogen fertilization at a rate of 96 kg N fed -1 (N 2 ) along with the application of one of organic materials compost (at 10 m 3 fed -1 ) or KH ( at 4 kg fed -1
) and irrigation every 20 days had integrated effect on soil fertility, plant growth, total yield, quality parameters and the net yield uptake of N, P, K, S, Ca, Fe, Mn and Zn, as well as, it could be rationalize mineral N fertilization by 20%.
Furthermore, the previous interactions (96N*Compost*I 2 and 96N*KH*I 2 ) attained the optimum yield (8.208 and 7.952 ton fed -1 ) that had the highest indices of quality (the highest content of D.M, sulfur, pungency and nutrient content, as well had the lowest content of nitrate). Also, results too showed the possibility of application potassium humate (KH) as alternative of compost at the time that the cost of compost became more expensive and not available at all time, whereas potassiumhumate was lower cost per feddan (200 L.E.) than compost (2000 L.E.) and had the highest net return.
So, under the environmental conditions of Dakahlia Governorate-Egypt, supplying garlic plants with nitrogen at a rate of 96 kg N fed -1 (as ammonium nitrate) with application of 4 kg potassium humate fed -1 (through irrigation water) and irrigation plants every 20 days can be recommended to attain the optimum yield that having the highest quality, as well addition the recommended doses of other nutrients.
